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SUMKARY 
This report contains a first attempt to a physical quantified land 
evaluation of the Chuka-South area, Kenya. The evaluation was done 
with a modified version of the erop production model of the CWFS 
<Centre for World Food Studies). 
The results are presented in maps drawn with UNIRAS, on a main 
frame computer <VAX 8600). 
For thirteen different crops the water-limited yield potentials 
were calculated for 20 periods. Most crops were found to have a 
production optimum between the 1200 and 1800 m contour lines. At 
higher altitudes, the water-limited yield potentials seem'to be 
reduced by temperature or water conditions. Towards the east of 
the Chuka-South area, the altitude decreases. The water-limited 
yield potentials also decrease towards the east due to limited 
moisture availability. 
Areawise differences in water-limited yield levels are mainly of a 
zona! nature attributable to climatic changes with altitude, and 
partly of a local nature in response to the physical soil 
properties of different soil types. 
When evaluating potential water-limited yields it is important to 
take also the growing period into account. 
Two crops which are <almost) not grown in the area, groundnut and 
soybean, show promising water-limited yield potentials in the 
whole area. 
The requirements of N- and P-fertilizers are only slightly 
influenced by the different soil properties. The requirements are 
highest for the western parts of the area. The base uptakes of N 
and P from the different soil types are far below the levels 
required for the water-limited production potentials. The 
nutrient-limited yield levels calculated for maize with the QUEFTS 
system are checked against actual measure~ents on FAO fertilizer 
trialsites. The nutrient-limited yield levels are roughly half 
of the water-limited yields. The natural nutrient ava.ilability of 
the Chuka-South area .is low. The nutrient-1 imi ted yie lds can 
-in theory- be doubled in some western parts of the area if 
fertilizers are applied 'in the proper manner. Fertilizers are 
already applied there. 
All known actual erop yields are far below the calculated 
water-limited yield potentials. The lowest actual yield levels for 
maize and millet are between 700-1000 m. The sarne area is 
identified in the calculations with the QUEFTS system as the area 
with the lowest nutrient-limited yield potentials. This area is 
well known for its advanced erosion and high runoff. If one wishes 
to increase the yield levels in that area, one has to improve at 
least two land properties; the soil fertility and the low 
infiltration rates. 
For two crops, maize and millet, the effects of ploughing and 
mulching/fallow are evaluated. The effect of ploughing <10% 
overall infiltration increase) is a very slight, no significant 
yield increases for bath crops. Ploughing is not recornmended since 
it seems to decrease the infiltration rates on the long term. 
The quantitative model predicts that mulchi.ng and/or fallow (30% 
overall infiltration increase) give a considerable increase in 
v1ater-l imi ted yie lel fo1~ maize ar1d a fair· yie ld ir1c:r-eaee fol"' 
I 
millet. The long term effects of mulching/fallow are 
infiltration rates will either increase or stabilize 
fertility will certainly increase too). 
that 
<Soil 
It is the author's general impression that, on the long term, a 
fair yield increase can be expected if mulching were to become a 
standard procedure in the (semi-) permanent farming systems 
applied in the eastern half of the Chuka-South area. 
The Chuka-South area bas been evaluated with qualitative <Visser 
1987) and quantified procedures. Bath land evaluation approaches 
yielded the same overall tendencies. The advantages of using the 
quantified procedure is that it quantifies. lts dynamic approach 
makes that changes in physical environmental properties can easily 
be evaluated and their effects quantified, and spatial variables 
can be used in the model. 
The quantified procedure bas certain disadvantages toa. It needs 
'accurate' quantified data of which there is a general paucity. 
Crops like coffee and tea can not be evaluated by the present 
model. 
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1 IHTRODUCTIOH 
In 1985, the Training Project In Pedology <TPIP) started surveying 
the Chuka-South area. lts main aims were to produce a soil map and 
a land suitability map o:f the area. For the. production of the land 
suitability map, a land evaluation for crops was carried out 
(Visser, 1987). 
This report contains a first attempt to a physical quantif ied land 
evaluation of the Chuka-South area. This evaluation is done with a 
modified version of the agricultural production model o:f the 
CWFS <Centre for World Food Studies) <Pulles,1987). 
The reader is supposed to be familiar with the theories on 
quantified land evaluation. General information on the 
Chuka-South area is found in· "Soils of the Chuka-South area" 
<Heester de T. et. al. in prep.). More detailed information on the 
model used is found in Pulles (1987). 
This report will only deal with the calculation results and their 
quantitative interpretation. 
:M:any different scenarios can be evaluated with the model, such as 
alternative planting/sowing dates, alternative PREC/ETO regimes, 
alternative plant densities/sowing rates, alternative varieties, 
alternative rotations ,and many others. It is impossible to 
evaluate all these possibilities in the present study. The 
decision what to evaluate was taken with a view to the scale of 
the evaluation, the data <quantity and quality) and the available 
time. The purpose of this study was broad regional planning. The 
data quality and quantity varied. 
First the model and the colleted plant nutrient data are presented 
(chapter 2). The water-limited yield potentials of selected crops 
were calculated for 20 years. The average yields are presented on 
maps <chapter 3), Fertilizer requirements were calculated for some 
crops as well <chapter 4). One nutrient-limited yield potential, 
calculated by Simons (1987), is validated with the results o:f 
fertilizer trials (chapter 4). The calculated results are compared 
with actual yield estimations <chapter 5), The effects of some 
water conservation measures are evaluated <chapter 6).The 
calculated results are compared with the results of the 
qualitative evaluation (chapter 7). 
All maps (1:400.000) were drawn with UNIRAS <appendix Il), on a 
main frame computer <VAX 8600). The standard error of the maps is 
the lowest class boundary. This standard error is caused by the 
kriging with UNIRAS. 
1 
2 MODEL AND DATA BASE 
The model used will be discussed in some detail in chapter 2.1 . 
The plant nutrient data of the model are described in chapter 2.2. 
2.1 The model 
The Centre for World Food Studies <CWFS> has developed a dynamic 
model to simulate agricultural production potentials on the basis 
of physical and agronomie information. The principles underlying 
this agronomie model are treated by Wolf et al. C1985) and 
Driessen C1986>. 
The major processes in erop production, e.g. C0 2 assimilation, 
respiration, partitioning of assimilates to various plant organs, 
transpiration and nutrient uptake are simulated by the model. The 
model has a hierarchical structure. 
At the highest hierarchical level the only growth factors 
considered are solar energy and temperature, and it is assumed 
that all other constraints have been eliminated. At second 
hierarchical level, moisture availability is introduced in the 
analysis as a possible growth limiting factor. At the third level, 
nutrient supply is also taken into account. Other possible 
influences like pests, diseases and weeds can be included at lower 
levels <not dorre in the present study>. 
The excisting CWFS model is written in FORTRAN and has standard 
data based on the Dutch situation. 
Pulles (1987> made a model version for the Chuka-South area in 
central Kenya. His model is derived from the excisting CWFS model, 
but has some site-specific adaptations and is written in TURBO 
PASCAL. 
2.2 Data base 
All data are allocated to the 
pre-determined grid. The Chuka-South 
appropriate 
was divided 
1512 regular grid cells. Each grid is lkm * lkm 
square in fig. 1 represents a grid. 
cells of a 
in 56 by 27 = 
= 1 km2 • Each 
For each grid cell the environment and the relevant erop have to 
be specified; the data can thus be split into site-specific data 
and crop-specif ic data. 
Crop specif ic data are derived from the CWFS data base and 
literature. 
The site-specific data can be divided into 
-Climatic data 
-Soil data 
-Nutrient data 
2 
These data are collected during field surveys. The climatic data 
and soil physical data are part of the Chuka model data base. 
Their origin and reliability is described by Pulles (1987). The 
nutrient data are included in this report. 
The soil fertility data of Chuka-South are described by Simons 
<1987). To calculate the fertilizer requirement for a certain 
production situation <potential or water-limited potential) the 
following expressions are used <Driessen, 1986): 
- NUR<x) = S<so) * x<so) + <TDW -S<so)) * x<straw) <2. 2. 1) 
NUR<x) = nutrient uptake requirement for nutrient 'x' 
in kg<nutrients)/ha 
S<so) =dry weight of storage organ at tact/tsum = 1.0 
in kg<dry matter)/ha 
x<so) or x<straw) =the concentration of nutrient 'x' in 
the organ tissue 
TDW = total dry weight of the plant 
- BU<x> = CY/<S<so)/NUR(x)) <2.2.2) 
NUR<x) = nutrient uptake requirement for nutrient 'x' 
in kg<nutrients)/ha 
S<so) =dry weight of storage organ at tact/tsum = 1.0 
in kg<dry matter)/ha 
BU<x) = base uptake of nutrient x in kg/ha 
CY = yield control field in kg/ha 
- FR<type fertilizer) = <NUR<x)-BU(x))/tan(F)*RF(x) <2.2.3) 
NUR(x) = nutrient uptake requirement for nutrient 'x' 
in kg<nutrients)/ha 
BU<x) = base uptake of nutrient x in kg/ha 
FR<type fertilizer) = fertilizer requirements 
tan(F) = nutrient concentration of the applied 
fertilizer in kg nutrient/kg fertilizer 
see table 44 <The Q.L.E. primer) 
RF = recovery fraction 
For the Chuka-South area only a limited amount of data is 
available. The reliability of the data varies. To complete 
fertilizer requirements calculations succesfully, the following 
data are needed: the recovery fractions of the nutrients for the 
different erop types, the yields of control fields in fertilizer 
trials, the concentrations of nutrient 'x' in the organ tissues, 
and the nutrient concentration of the applied fertilizer in kg 
nutrient/kg fertilizer. 
The most difficult data to collect are the regional recovery 
fractions and control yields for the different crops. The data 
used in the Chuka-South model are collected from fertilizer trials 
conducted within a range of 50 km from the test sites. The most 
important sourc~es are the Embu and Mer1J. agricul tural research 
stations and the FAO fertilizer trials <1970-1972) which were 
situated a few km South of the Chuka-South area. 
4 
1: 
' 
1 
1 
1 
I: 
Table 1 gives an indication of the quality of the collected data. 
Table 2 presents the collected regional data, the recovery 
fractions <RF) of the nutrients for the different erop types and 
the yields from control fields <CY> in fertilizer trials. Table 3 
gives the concentrations of nutrient 'x' in the organ tissues , 
and table 4 gives the nutrient concentrations of the applied 
fertilizer in kg nutrient/kg fertilizer <From Driessen 1986). 
5 
table 1 
A quality interpretation of collected RF <= recovery fraction) 
and CY (= yield control field in kg/hal data. The number of trials 
is also indicated. 
Crop data quality number of trials 
maize very good 169 
sorghum good 31 
millet po or 4 
beans good 68 
potatoes good 170 
cassava fair 38 
cotton fair 34 
table 2 
The collected RF<nl <= recovery fraction of nutrient 'n') 
and CY <= yield control field in kg/ha) data for the different 
crops and soil types. 
Crop 
variety 
Maize 
hybrid 
katumani 
.Sorghum 
tradit. 
se re na 
Soil type 
humic Nitisol 
orthic Nitisol 
Ferralsol 
Vertisol 
sandy Luvisol 
all 
all 
all 
Finger millet 
tradit. Luvisol>50%clay 
Luvisol<50%clay 
Acrisols 
Beans 
phaseolus all 
mwezi moja all 
Potatoes 
white 
Cassava 
·tradit. 
all 
all 
Cotton <seed = 65% of 
UKA 59/240 >50% clay 
<50% clay 
total) 
RF<Nl 
0.4 
0.3 
0.2 
0.35 
0.25 
0.3 
0. 05 
0.25 
0.25 
0.25 
0.2 
0.05 
0.25 
0.4 
0.35 
0. 05 
0. 10 
RF<Pl 
o. 08 
0.08 
0.06 
0.07 
0.05 
0.06 
0.02 
0.05 
0.04 
0.04 
0.02 
0.02 
0.05 
0.05 
0.14 
o. 01 
0.03 
. 
RF<Kl 
0.02 
CY (dry 
matter) 
kg./ha 
2406 
3282 
1458 
1635 
1079 
1520 
1555 
1387 
662 
566 
423 
819 
1216 
1633 
1761 
1798 
844 
---------------------------------------------------------------
6 
1 
I' 
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table 3 
The x<so) or x<straw> C ~the concentration of nutrient 'x' in 
the organ tissue) values used, 
Crop N<so) P<so) K<so) N <straw) 
grain 0.01 0.0011 0.003 0.004 
beans 0.025 0.026 0.01 
root 0.008 0.0013 0.012 0.012 
tuber 0.0045 0.0005 0.005 0.015 
oil 0.0155 0.0045 0.0055 0.034 
Table 4 
Tan<F> values of colilJllercial fertilizers 
Fertilizer 
Ammonium sulphate 
Calcium nitrate 
Muriate of ammonium 
Monoammonium phosphate 
Double superphosphate 
Triple superphosphate 
Muriate of potash 
Potassium sulphate 
N 
0.21 
0.01 
0.24 
o. 11 
p 
0.21 
0. 17 
0.19 
P<straw) K<straw) 
0.0005 
0.0007 
0.0011 
0.0019 
0.0007 
K 
0.46 
0.40 
0.008 
0.0033 
0.005 
0.008 
_Since only a limited number of crops is included in the model, not 
all collected data could be used. 
In the Chuka-South model, only the fertilizer needs of hybrid 
maize, traditional sorghum, traditional millet, cotton, cassava 
and potato were calculated for N and P fertilizers. 
The results of these calculations give a rough indication to what 
extend the soil fertility is limiting (water-limited) yield 
potentials. 
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3 WATER-LIXITED YIELD POTENTIALS 
The Chuka-South area was evaluated for 13 different crops. For 
each of these crops the water-limited yield potential was 
calculated, i.e. the yield possible with the existing moisture 
availability, temperature and solar radiation. 
The calculations make use of the rainfall generator developed for 
the Chuka-South model <Pulles 1987). The advantage of using the 
generator instead of the actual gauged rainfall sums, is that its 
data pertain to an average year so that the evaluation gives 
possi ble water-1 imi ted yield potent ials for an ave rage year. 1 f 
one uses actual rainfall data an evaluation of the stochastic 
variation of the climatic inputs becomes indispensable 
For each erop the growing season starts in April, the lOth decade 
of the year. For the whole area an infiltration percentage of 90% 
was taken. This value is certainly incorrect for the eastern half 
of the area. But was adopted to make comparison possible for the 
whole area. In chapter 6 other infiltration rates are introduced 
for the ··eastern part of the area, 
The calculations were done for one-third of all grids cells in 
the area. For each grid cell the water-limited yield potential 
was calculated 20 times (= 20 years) and the average yield of 
these 20 calculations was used to compile maps. 
The maps of fig. 7 to 19 were made with the help of a kriging 
program of UNIRAS. Values were estimated.for each grid cell from 
neighbouring data points, by the method of strict kriging 
<appendix IIl. It was assumed that there is no surface trend. The 
maps present general tendencies as detected for the Chuka-South 
area. 
3.1 results of the analysis 
Water-limited yield levels were calculated for maize, sorghum, 
millet, tobacco, cotton, chickpea, mungbean, soybean, cassava, 
sweet potatoes, potatoes and rice. 
The computed water-limited yield potentials are presented on maps 
<fig. 7 to 19), 
In the western part of the area the water-limited yield potentials 
are generally high, since in most cases yield reductions due to 
water shortage are absent or small. In the eastern part of the 
area the calculated yields are generally low to very low, since 
water shortage is common in this part of the area. 
Areawise differences in water-limited yield levels are mainly of a 
zonal nature attributable to climatical changes with altitude, and 
partly of a local nature in response to the physical soil 
properties of the different soil types. 
In the western most part, temperatures are aften more limiting 
than moisture availability. 
Most crops have a production optimum between 1400 and 1800 m. 
At higher altitudes, unfavourable temperature or persistent water 
logging limit higher production. The growing period of each erop 
increases with altitude but not necessa1~ily ir1 a propo1-tional wa~J· 
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Figure 2 Growing periods <from West to East) of various 
crops in the Chuka-South area. 
~ 
,. 
Fig. 2 gives an example ~f the relation between growth duration 
and altitude for the different crops. 
At the higher altitudes the growing period increases strongly for 
crops like cotton and cassava. The growing period also indicates 
the possibility to grow one or more crops a year. 
As an example, a situation with maize will be discussed. According 
to fig. 7 the possible water-limited yield potential of maize in 
the north-western part of the area is between 7000 and 8000 kg/ha. 
To grow this amount of maize a growing period of 240 days is 
needed. 
The central part of the area has a possible water-limited yield 
potential of 5000-6000 kg/ha. To achieve this yield potential only 
100 days are needed. 
Due to the 'short' growing period a second erop is possible, which 
implies a potential total water-limiting yield of 10000-12000 
kg/ha. year. 
It is therefore important to take into account the growing period 
of the indicated yield before making any conclusions about the 
suitability of a erop for a certain area. 
Fig. 1 and 3 present the relief of the Chuka-South area. The 
climate is related with the altitude in a roughly lineair way. At 
2200 m, the average annual rainfall is about 2200 mm and at 600 m 
the average annual rainfall is around 600 mm. The water-limited 
yield increases with altitude because the amount of rain 
increases. The three dimensional picture of the relief of the 
Chuka-South area (fig. 1) gives a clear picture of altitude 
changes within the area. If one projects the water-limited yield 
potential of a erop (here maize and tobacco) over this relief, 
fig.4 and 5 are obtained. These figures show clearly the relation 
between the water-limited yield and the altitude of the site. 
The three dimensional picture of maize yield potentials in the 
Chuka-South area <fig. 6) suggests a production optimum between 
1000 and 1500 m altitude. At higher altitudes the production seems 
to be reduced by temperature or water conditions. 
The lower temperatures cause the long growing period in this part 
of the area. 
The grain crops maize (fig.7 and 5), sorghum (fig.8) and millet 
(fig.9) have their production optimum around the 1300 m contour 
line. The production levels decrease eastwards to the drier parts 
of the area and westwards above 2000 m altitude. 
Although millet and sorghum are known as more drought resistant 
than maize, the production levels of maize are still higher in 
these parts of the Chuka-South area. 
Rice (fig. 10) has its optimum around the 1800 m contour line 
which is higher than for other grain crops. The yield levels of 
rice are very low in the eastern part of the area and only the 
western part seems, to some extent suitable for the simulated rice 
variety. The yield decreases above 2000 m, not because of excess 
rain <rice prefers wet conditions) but probably because of 
unfavourable temperatures. 
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The leguminous crops like groundnut (fig. 11>, mungbean (fig. 12), 
chickpea (fig. 13) and soybean (fig. 14) have their production 
optimum around the 1700 m contour. The crops differ in drougth 
resistance. Groundnut, mungbean and soybean have still acceptable 
yields in the eastern part of the area, while the simulated 
chickpea variety yields very low below 1200 m. From this 
observation the conclusion can be drawn that the simulated 
chickpea variety is unsuitable for the eastern part of the 
Chuka-South area if grown under traditional management. Groundnut 
and soybean may have a future in that part of the area. 
15) 
1800 
The cash crops cotton (fig. 
produc~ion optimum around 
eastern part of the area, while 
1000 m. 
and tobacco (fig. 16) have their 
m. Tobacco yields well in the 
cotton has almost no yield below 
The low yield 
variety which 
resistant than 
table 5 chapter 
levels of cotton below 1000 m indicate that the 
was used for the calculations is less drougth 
the cotton that is actually grown in the area <see 
5). 
The 
18) 
tuber and 
and sweet 
optimums. 
root crops like 
potatoes (fig. 
cassava (fig. 17>, potatoes <fig. 
19) have different production 
Sweet potato has its optimum between 1500 and 2000 mand produces 
still considerable yields in the eastern parts of the area. 
Cassava has good yields only in the western parts of the area, 
with a production optimum around 1800 m. 
Striking for the cassava yield is the enormous decrease in yield 
above the 2000 m contour. In the north-western part of the area 
the yields are as low as in the eastern most parts. 
Potato does not show any decrease or increase with the altitude. 
It is therefore not clear where its production optimum is 
situated. It is also striking that potato is the only erop which 
does not have a growing period increase with altitude. 
Potato also has good yields in the eastern most part of the area 
but these remarkable f acts might be caused by a mistake in the 
data on the erop qualities. 
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4 NUTRIEJIT-LIXITED YIELD POTENTIALS 
The nutrient-limited yield potential is the yield allowed by the 
combination water availability, temperature, solar radiation and 
"plant nutrients". It is not possible to calculate the 
nutrient-limited yield potentials with the Chuka model, but this 
model quantifies fertilizer requirements for postulated yield 
levels. These requirement calculations give a general indication 
of the needs for the N and P by the water-limited crops. The use 
of fertilizer depends also on many ether (not considered) factors 
like management level, fertilizer prices etc. In general', maps of 
fertilizer requirements show the same tendencies as maps of the 
water-limited yield potentials. The fertilizer requirement is 
usually highest at the production optimum of the water-limited 
yields. 
Sometimes local soil properties cause a higher or lower 
fertilizer requirement. The fertilizer requirements are highest 
for the western part of the Chuka-South area. This can be 
explained by the fact that in that part of the area the 
water-limited productions are highest and natural soil fertility 
is low. The differences in natural soil fertility are well 
illustrated in the report: the Chemical soil fertility of the 
Chuka-South area <Simons 1987). 
Simons compiled a nutrient-limited production map for maize using 
the socalled QUEFTS system (fig. 24). The map of nutrient-limited 
productions in this report is based on the control yields of FAO 
fertilizer trials <1970-1972). These control yields are presented 
in tables for different altitudes and soil types (fig. 25> <FAO, 
1975). 
4.1 The N-fertilizer requirements 
Fig. 20 shows the N-fertilizer requirements for the potential 
water-limited yield of maize. The map bas much similarity with the 
map of the water-limited yield potential of maize (fig. 7) because 
linear yield-uptake relations were assumed. 
The area with the highest N-fertilizer requirement is an area with 
Ferralsols and Acrisols. This area bas the lowest base uptakes 
and nitrogen recoveries. 
Only one map of the N-fertilizer requirements is included in this 
report since all maps show the same tendency. It can be a general 
conclusion that the base uptake level of N is far below the 
required N level for the water-limited yield potential. The yields 
of leguminous crops are usually not limited by N shortage. 
Although this idea is generally accepted there are indications 
<RF values of 0.25 for N> that this is not always the case. 
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4.2 The P-fertilizer requirements 
Figs. 21, 22 and 23 show the P-fertilizer requirement for the 
water-limited yield potentials of figs. 7 <maize), 15 <cotton) and 
8 <sorghum). The differences between the water-limited yield maps 
of maize <fig. 7) and the P-fertilizer requireroent map (fig. 21) 
are caused by different soil types. The area with the highest 
P-fertilizer requirement is an area with strongly leached 
Ferralsols while the area with the highest production level is 
coîncides with an arei of less strongly leached Nitisols. Since 
the water-limited potential production levels of maize are never 
low in the entire area, the P-fertilzer needs are also never low. 
The P-fertilizer requirement ·· (fig. 22) for realizing the 
water-limited production potential of cotton (fig. 15) is 
considerable for the western part of the area only. The production 
optimum of cotton is also situated in this part of the area. 
The P-fertilizer requirement (fig. 23) for realizing the 
water-limited production potential of sorghum has largely the same 
pattern as the water-limited yields of fig 8. 
The genera! conclusion must be that the base uptake of P from the 
different soil types is far below the requirement level for the 
water-limited production potential. The nutrient-limited yields of 
the different crops are therefore considerably below the 
water-limited yield potentials. 
4.3 The nutrient-limited yield 
The above discussed maps give a rough indication of the soil 
fertility of the Chuka-South area. It is clear that the base 
uptake from the different soil types is far below the requirement 
level for the water-limited yield potentials. 
Figs. 24 and 25 bath present nutrient-limited yields of maize. 
Fig. 24 is made with the QUEFTS system <Simons, 1987) and fig. 25 
is based on FAO fertilizer trials. 
Fig. 24 shows probably best the changes in nutrient-limited yield 
for maize in the Chuka-South area. It is doubtful whether the 
indicated yield levels have any practical value. 
Fig. 25 only indicates measured yield levels on control fields of 
FAO fertilizer trials <FAO 1975). This map indicates best the 
nutrient-limited yield levels for maize with altitude <above 800 
ml. Bath maps suggest that yields are below the water-limited 
yield potentials of maize (fig. 7). In bath cases the yields are 
between 4000 and 0 kg/ha (the potential water-limited yields 
range between 10000 and 0 kg/ha), 
Since fig. 25 is derived from tables where yields are related with 
altitude and 5 soiltypes , this map gives only a rough indication 
of the variance of nutrient-limited yield levels for maize. 
The advantage of fig. 25 is that the yields are actual 
nutrient-limited yields for three years. This map indicates best 
the relation between the nutrient-limited yield leve.l of maize and 
the altitude Cabove 800 m). 
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Fig. 24 is a more detailed map. It gives a better indication of 
the variance of the nutrient-limiting yield of maize for the 
Chuka-South area. The yields of fig. 24 correlate strongly with 
those of fig. 25. Since bath maps show similar yield levels for 
the Chuka-South area despite their different origin some overall 
conclusions can be made: 
Yield reduction by nutrient shortage is highest in the western 
part of the Chuka-South area (around 4000 kg/ha) and lowest in 
the eastern part <between 0 and 1000 kg/ha). This observation 
indicates that the use of fertilizers becomes required in the 
western half of the area if the farmers are to raise their 
production over the indicated nutient-limited yield levels. 
It is obvious that use of fertilizers ih the eastern most part of 
the Chuka-South area is a waste of money <at the local manegement 
level) since the natural soil fertility is sufficient to reach the 
water-limited yield levels. If irrigation is pondered or more 
generally the water management improved, the water-limited yields 
will certainly increase and sa will the nutrient requirements. 
4.4 Kicro-nutrients 
We only considered the major nutrients N and P in the Chuka-South 
model. The QUEFT system considers all major nutrients <N,P,K>. 
This allows to draw a map (fig. 26> on which the most limiting 
nutrients are indicated <Simons 1987). 
It is clear on this map that also K is sometimes the limiting 
nutrient, bath in the western part as in the east of the area. 
The 11 micro11 -nutrients such as zine, sulphur 1 and copper may 
limit erop growth, if their concentration in the soil solution is 
either toa high (toxicity> 6r toa low (shortage). 
Bath cases are well possible within the Chuka-South area. 
Micro nutrient shortage can be expected in the strongly leached 
soils of the volcanic western area. Especially at spots where the 
pH is below 4.5, nutrient shortage <Molybdene) can be expected. At 
those same spots <in the western part of the area) a toxicity of 
Aluminium can be expected. Toxicity occurs almost certainly at 
ultra mafic intrusions in the eastern Basement System. 
On these ultra mafic intrusions <of gabbros, perknite and 
chromite) only a vegetation, paar in species, is able to grow. 
High concentrations of Cr, Ti and other heavy metals are found in 
the ultramafic rocks <Veldkamp & Visser, 1986). It is likely that 
high concentrations of heavy metals also occur in the overlying 
soils. 
From a public health point of view it might be advisable to 
discourage farming on these particular sites. Further research is 
required. 
The nutrient-limited yields can -in theory-
western parts of the area if fertilizers 
propper manner. Fertilizers are already applied 
be doubled in some 
are applied in the 
there. 
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5 THE ACTUAL PRODUCTION SITUATION 
Sa far, only rigidly defined production situations with a limited 
number of growth determining factors were discussed. These factors 
were radiation, temperature, and soil moisture or nutrient 
availability. For such well defined situations quantitative 
estimates of possible yield levels were carried out. In actual 
production situations yield levels can be increased beyond their 
nutrient- or moisture-limited yield levels through fertilizer 
application and by improving water control through water 
conservation, drainage and irrigation. On the other hand yield 
levels are usually reduced by factors not considered limiting in 
the calculations of yield potentials, e.g. damage by weeds, pests, 
diseases and socio-economie factors. 
Actual yields are yields obtained in an open system where 
probably no yield controlling factor is permanently optimum. It is 
therefore very difficult, if not impossible, to compare the 
calculated potential yield levels with actual yields. On the other 
hand, actual yields are the only expression of the actual system's 
full complexity. 
5. 1 Actual yields 
In chapter 4 of De Heester et al. <1987), average yield levels for 
different crops are given for different agro-ecological zones 
<altitudesl in the Chuka-South area. 
To make a better comparison possible of the calculated maps with 
actual yields, i t is necessary to know more a bout the varia bi 1 i ty 
of the actual yields. Fortunately some data on maize (81 
estimationsl and millet (54 estimationsl yields are available. 
The actual yield maps (figs. 27 and 28) are based on observations 
by Ooms during the harvest period of the second rains 1985 
<Ooms,1986), This rainy season was an average season according to 
180 interviewed farmers <Helder & Van der Donk,1986). The actual 
yield maps are thought to give a good indication of the yield 
levels of maize and millet in the Chuka-South area during an 
average season, 
The actual yields were converted to their equivalent units used in 
computer simulation Ckg dry matter per hectare). This conversion 
was done with help of table 16 from Wolf et al. <1985), <appendix 
Il. The estimated values are presented in two different types of 
maps. One map type is made with local kriging (fig. 27 and 28l. 
Only estimations <max 10> within a range of 10 km determine the 
values of an interpolated grid. A disadvantage of this method is 
that the derived map covers only part the area. To obtain maps 
which cover the whole area (fig. 29 and 30l, the search radius of 
the kriging was extended to 30 km. A disadvantage of this method 
is that much detail is lost. Bath types of maps are presented in 
this report. The maps with local kriging (fig. 27 and 28) give 
insight in the complexity of the estimated yields. The maps with 
overall kriging (fig. 29 and 30l give a better view on the overall 
tendencies of the yield levels in the whole area. 
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5.2 Actual yield levels compared with the water-limited 
yield potentials. 
The trends in "actual average" yields can be compared with those 
of the calculated water-limited yield potential for some crops. It 
is expected that the water-limited yield potentials are 'far' 
above the actual yields. 
Table 5 
The average actual yield levels versus the calculated 
water-limited yield levels for different altitudes. 
kltitude Crop 
1300-1700 m Naize 
1300- 800 Ill Maize 
' ' 
m Sorghum 
' ' 
m Millet 
' ' 
m Cotton 
' ' 
Ill Tobacco 
1100- 600 m Naize 
' ' 
m Sorghum 
' ' 
m Millet 
' ' 
m Cotton 
11 actual yield11 
kg/ha 
900-1600 
1000 
500 
500 
400 
700 
700 
500 
700 
500 
calculated water-limited 
yield potential kg dry 
matter/ha 
7000-8000 
6000-8000 
4000-6000 
1500-2500 
500-1000 
<Î 
1500-3000 
1500-6000 
< 500-4000 
< 250-1500 
< 100- 500 
-----------------------------------------------------------------
This table gives only a global indication of the actual yield 
levels. All actual erop yields <except cotton) are far below the 
calculated water-1 imi ted yield level. I t was al ready observed in 
chapter 3 that the calculated yield levels for cotton are toa low. 
On the whole , there seems to be ample scope for increasing erop 
production in the Chuka-South area. 
5.3 Actual yields and nutrient-limited yields 
This comparison can only be done for maize (fig 24). When 
comparing the map of the nutrient-limited yield of maize with the 
actual yield map of maize (fig. 27) one should bear in mind that 
the calculated nutrient-limited yields pertain to one (maize) 
variety. 
The actual yield f igures include yield data of several different 
varieties. 
The calculated maize yield of fig. 24 has a yield optimum around 
1300 m. One of many varieties which are cropped in the eastern 
part of the area is katumani maize. This variety has its optimum 
probably around 800 m. This is one possible reason that the actual 
yield map shows at least two optimums. One optimum at 1400 m and 
another at 800 m. 
Fig. 29 shows a maize yield depression in roughly the same area 
as identified in the calculations with the QUEFTS-system fig. 24. 
Millet (fig. 30) which is also a grain erop shows the same 
tendencies as maize (fig. 29). 
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5.4 Actual yields 
evaluation. 
and the results of qualitative land 
The land suitability classes for two crops <maize and millet> of 
the qualitative evaluation were converted to yieldclasses using 
normative yields as given by of Schipper <De Heester et al. 1986>. 
If one compares observed <actual) yield levels with estimated 
yield levels from the qualitative land evaluation, one can see 
certain differences. First of all, the actual yield levels for 
maize are aften 50 - 100% above the estimated normative yields, 
The actual millet yield levels fit better than the maize yield 
estimates but are still considerably underestimated by the 
qualitative land evaluation, Secondly, the tendencies of the 
actuà.l yield maps do not always tally with the tendencies of the 
yield maps based on the KSS land evaluation. The zone witb yield 
reductions between 700 -1000 m is not indicated on the qualitative 
suitability maps. The qualitative evaluation maps show more 
simularities with the agro-ecological zones. The soil influence is 
probably underestimated. It is, however incorrect to conclude that 
the qualitative evaluation procedure is unsatisfactory on basis of 
only two erop observation maps and one cropping season. 
5.5 Overall evaluation of the actual yields 
There is one clear tendency; the lowest actual yield levels for 
maize and millet are between 700-1000 m. This area is situated in 
the surroundings of Ishiara and Kanj uki. It is wel 1 known for i ts 
advanced erosion and high runoff. Euphorbiacaea which need only 
about 300-400 mm water a year are prominent in this area. The 
average annual rainfall of the area is 800-900 mm. This rough 
estimation suggests a runoff of about 50% which ties in with the 
estimates and measurements of Scholte (1986) and Kraaijvanger 
(1987). Infiltration rates of close to 0 llllil/hr were measured at 
spots in this area. 
Simons (1987) calculated for the same region the lowest 
nutrient-limited yield levels, and found yield levels from 1000 to 
1500 kg dry matter/ha for maize. Ooms <1986) estimated yield 
levels from 2000 to 2500 kg dry matter/ ha. It should be noted in 
this context that the hibrid maize variety for which the 
calculations were done is not grown in that part of the area. In 
chapter 7 the influence of different infiltration rates will be 
disscussed. 
The low actual yield levels in the area between 700 and 1000 m are 
probably also caused by limiting soil fertility and high runoff 
percentages in the area <the fertile top soil is eroded). If one 
wishes to increase the yield levels of that area one has to 
improve at least two land properties, the soil fertility and the 
low infiltration rates. 
34 
1 ::1 
: . ; J 
l 
i 
1 j 
; \ 
' i 
} 
; 
i l 
: ; 
,' i ··-! 
- ABOVE 2300 
. tm=I 2000 - 2300 ~ d in 1500 - 2000 Yields expresse r hectare OOilJ 300 - 1500 kg dry matter pe !m 1000 - 1300 
~ IKIO -1000 
-~ BELOW 900 
Figure 31 , evaluetion ... KSS lano , on he . lds baseo f ~~ize yie Map 0  
liilll ABOVE 1000 
~ SIOD • 1000 ed in ~ llOO - 900 . lds express hectare 
Yie tter per 700 - 1100 kg dry ma m eoo _ 100 
~ .500 - 600 
""'' BELOW SOO K"S lond 
. ~ d on the ~-
. làs base f :millet yie Hap 0 Figure 32 evaluation 
35 
6 EVALUATION OF POSSIBLE IKPROVEHENTS 
It is, of course possible to evaluate the effects of future 
measures on calculated yield levels with the Chuka-South model, 
but it must be recalled that the model has only some value in 
predicting the potential and water-limited potential yields only. 
Measures effecting the solar radiation, temperature and moisture 
availability can therefore be evaluated. Measures that influence 
the temperature and solar radiation are toa expensive to apply in 
the Chuka-South area. However moisture availabili.;!;_y is a prominent 
yield limiting factor in the eastern half of the Chuka-South area 
<Pulles,1987) and measures may increase yields in this part of the 
area. Irrigation bas a yield increasing effect <Pulles,1987), 
Except for some local <small scale) manual irrigation along the 
perennial rivers and the Ishiara irrigation scheme (from 1947>, 
irrigation is beyond the means of the farmers in the eastern half 
of the Chuka-South area. 
Alternatively, 
this chapter. 
water conservation measures will be evaluated in 
These measures are less expensive than irrigation. 
6.1 The effect of different runoff's on the water-lirnited yield 
levels. 
In the calculations of water-limited yield potentials <chapter 3), 
a runoff of 10% was supposed. The average runoff of cultivated 
land on Luvisols in the eastern part of the Chuka-South area is 
about 50% <Scholte,1986; Kraaijvanger,1987>. 
If the water-limited yield is calculated for the eastern half of 
the area with a runoff of 50%, considerably lower yields are the 
result. In fig.33 and 34 two examples of water-limited yields are 
calculated for maize and millet with a runoff of 50%. 
If we compare these maps with the actual yield maps <figs 27 and 
28) for maize and millet, the resemblance is slight for maize. The 
difference is probably caused by the use of different rnaize 
varieties. The millet yields show a better fit. The calculated 
yields are toa low for the eastern most part of the area and match 
for the central part of the area. This gives an indication that 
the runoff of the eastern most part of the Chuka-South area is 
less then 50%. 
Two possible measures to improve infiltration and reduce runoff 
are soil tillage and/or mulching/fallow. 
Kraaijvanger <1987) investigated bath measures and their 
on the soil. He assessed the quantitative effects 
measurements <personal communication) as shown in table 6. 
impact 
of the 
Scholte (1987) discussed in a general fashion some of the effects 
of fallow and rnulching. 
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Table 6 
Measures and 
precipitation 
effects. 
their impact on the infiltration rates of the 
in one rainy season and their predicted long terms 
average infiltration % 
of the precepetation 
of one rainy season 
no measures 50% 
permanent farming 
ploughing 60% 
permanent f arming 
mulching or 80% 
use of fallow 
long terms 
eff ects 
runoff rate will 
remain the same 
infiltration rate 
will slightly 
decrease 
infiltration rate 
will increase and 
stabilize 
The predicted effects of the mentioned measures can be interpreted 
to predict effects on water-limited yield potentials. For two 
crops, maize and millet, the effects of ploughing and 
mulching/fallow are evaluated. 
6.2 Ploughing 
The porosity of the top soil is increased by ploughing with B.nima.l 
traction. The effect of ploughing is according to Kraaijvanger 
<1987) 1 an average runoff decrease of 10% for one rainy season. 
The effect of this 10% infiltration increase is a very slight 
yield increase for bath crops. This yield increase is sa small 
(fig 35) that it is still within the standard error of the 
water-limited yield potential obtained with 50% runoff (figs. 33 
and 34). 
It can be concluded that the yield increasing effect of ploughing 
is not significant. Another reason why ploughing is not 
recommended is that ploughing seems to decrease the infiltration 
rates in the long term <Kraaijvanger,1987). 
Fig.35 shows the low increase of the water-limited yield 
potential of millet upon ploughing. 
6.3 Hulching and fallow 
Mulching is the practise of covering the topsoil with organic 
matter such as erop residl1es or bush remna.nts. This organic 
matter activates the soil fauna e.a. termites 1 which increase the 
permeability and improve tr-1e structure of the topsoil. J1l1lching 
also increases the soil fertility. Visser <1987) proved 
unquestionable the fertilizing effect of mulching with organic 
matter on the Luvisols of the Chuka-south area. 
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Mulching can be done in several ways and its effects are only 
noticeable after years of mulching. A fallow period has much the 
sarne effect as rnulching. During a fallow period grazing and 
browsing occurs (sometimes overgrazing) and hence the positive 
effects of a fallow period may take many years to develop. A 
fallow period has to last at least 10 years before runoff rates 
have decreased by 30%. 
The model predicts that 
increase in water-limited 
increase for millet. 
mulching/fallow give a considerable 
yield for maize and a fairly yield 
Fig.36 shows the yield increase for maize. An increase of 2000 to 
" 3000 kg/ha seems possible, which corresponds with 50 to 200% of 
the water-limited yield potential. The yield increase becomes less 
prominent towards the east of the area. 
Mulching/fallow seems a promising rneasure to increase maize yields 
in the eastern parts of the area where a runoff of 50% is common 
<the capped Luvisols in the Basement Area). 
The yield increase is evaluated for a maize variety with a high 
water need. The effects of mulching/fallow are certainly less 
spectacular for traditional, more drougth resistant, varieties 
like katumani. 
An example of a highly drougth resistant erop is millet. The 
effects of mulching on the water-limited yield potential of millet 
are less spectacular as for maize (fig.37).The average yield 
increase is 100 to 200 kg/ha which is an increase of 10 to 20% of 
the water-limited yield potential. The average yield increase is 
higher than the standard error of the water-limited yield 
potential (50% runoff), A similar yield increase can be expected 
for drougth resistant maize and sorghum. 
Traditionally a fallow period of 10-20 years is observed common. 
These fallow periods are still common in the eastern most parts of 
the area. The area between 950 - 700 m is the area with the 
highest runoff. Here the fallow period is reduced to 0 - 5 years 
and grazing and browsing is more severe then elsewhere in the 
area. The fallow period is probê'.bly toa short and a 30% decrease 
of runoff is not reached. The cause of this short fallow period is 
social rather than physical <probably due to the "high" population 
densi ty). 
Although the farmers gradually shift towards permanent farming, 
they have not changed their farming methods. The farmers exhaust 
the soil and they hardly take any measures to improve soil 
properties. Soil conservation measures are not very effective. The 
results of this mismanagement are decreasing yield and more 
erosion. Better water management is thought to raise or stabilize 
yields. 
6.4 Conclusions 
It is the at1thor 1 s ger1eral impression that on the long term, a 
fair yield increase can be expected from mulching in the (semi-) 
permanent farming systems in the eastern half of the Chè1ka.-South 
area Mulching improves as well the physical as the fertility 
properties of the soil. Further research is required. 
Extended fallow has probably a better effect than mulching but 
this measure is practically unfeasible in the relatively densely 
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populated zone between 700 and 1000 m. The expected yield increase 
from mulching/fallow is higher for less drougth resistant crops. 
The average runoff of the cultivated land in the area is nowadays 
about 50%. To lower their risk, the farmers grow m._~inly drougth 
resistant crops like millet, sorghum, katumani and local maize 
varieties. Vith those drougth resistant crops a fair yield 
increase aan be expected from prolonged mulching. 
Ploughing appears to be a less successful measure to improve the 
soil moisture availability of the strongly capped Luvisols in the 
eastern half of the area. Important is that ploughing degenerates 
the soil structure in the long term. · 
It is generally true that water conservation measures must 
decrease runoff by more than 10% to have a calculable effect on 
the water-limited yield potential. 
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7 QUALITATIVE AND QUANTIFIED LAND EVALUATION 
The Chuka-South area has been evaluated with qualitative and 
quantified procedures. The qualitative land evaluation is done 
according to the revised edition <20-02-1987) of "Rating of Land 
Qualities in Kenya", third approximation by A. Weeda, Kenya Soil 
Survey, Nairobi, 1987. 
The land evaluation exercise was carried out by P.W. Visser 
(1987). Bath approaches and their results will be compared in this 
chapter. 
7.1 Comparison 
aproaches 
of the results of the two land evaluation 
To make a comparison of the results of bath land evaluations 
possible, the land suitability classes for two crops <maize and 
millet) of the qualitative evaluation were converted to 
yieldclasses using normative yields as given by Schipper <De 
Meester et al. 1986). 
The results of this conversion were interpolated with UNIRAS in 
two maps <fig. 31 and 32). The boundaries of the LU's <Land Units) 
were not taken into account in the preparation of these maps. The 
maps refer to the present situation in the Chuka-South area. They 
can not be compared with the water-limited potential yield maps 
of the model, but it is possible to cornpare the tendencies of the 
qualitative and quantified evaluation results. It is obvious that 
in bath cases the overall tendencies are the sarne. There is a 
yield optimum around 1600 m. and the influence of soil factors on 
the evaluation results seerns rnarginal in bath cases .. 
7.2 Qualitative versus quantified 
In this paragraph sorne general remarks are made about the 
sirnularities and differences between the two types of evaluation. 
It is not possible to be exhaustive. The remarks are based on 
experience with bath land evaluation rnethods. 
The two types of land evaluation have the following important 
similarities. 
-Both land evaluations have a strictly physical basis and data 
need. 
-In bath evaluations intercropping is not rated as such. 
-The results of the two evaluations are only indications of 
potential yield levels for an average year. 
-Bath evaluations justify a map scale of 1:1000.000. More cornrnonly 
evaluation results are presented on a 1: 100.000 maps which 
prornotes misinterpretations by planners and other users. 
The rnaps in this report are presented on a scale of 1:400.000. 
-It can be concluded, that the quality of the evaluator affects 
the quality of the evaluation in bath approaches. 
In a qualitative evaluation the evaluator can personally 
inf luence <predeterrnine) the results of the evaluation by 
changing the conversion tables. These tables are based on his 
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experience. 
The quantitative evaluation model designer has to calibrate bis 
model for a given area. During this tuning he also influences to 
some extent the results of the quantified evaluation 
-The results of the quantified and qualitative evaluations are 
yield levels which are difficult to verify. 
The results of a qualitative evaluation are socalled 11 norrnati·ve" 
yields. These normative yields are based on (subjective) 
estimations by an agronomist. On the ether hand, the calculated 
yield potentials of the quantified land evaluation can only be 
validated under conditions as defined in the calculations. 
Same differences: 
-The qualitative land evaluation refers to the "present situation" 
<Visser, 1987), while the quantified evaluation refers to 
production potentials under certain conditions. 
-For a quantified evaluation it is possible to use spatial 
variables in the model. The dynamic character of the physical 
properties and yield levels in the model is usually very 
prominent. Using spatial variables gives more insight in the 
dynamic character of the actual system. 
-Crops like coffee and tea can not be evaluated by the Chuka-South 
model. 
Advantages of the quantif ied evaluation procedure used: 
-It quantifies 
-It is a dynamic approach; changes in physical properties can 
easily be evaluated and its effects quantified. 
-Spatial variables can be used in the model. 
Disadvantages of the quantified evaluation procedure: 
-It needs 1 accurate 1 quantitative data ( 1'garbage in garbage out 11 
principle), and a computer. 
-Running a computer program can be done by everyone. The 
interpretation of the results needs to be done by experts. 
Often the people who know how to handle a computer are unable to 
interpret the calculation results. 
-It does only indicate yield potentials not the actual production. 
-Not all types of crops,like coffee and tea can be evaluated with 
the quantified procedure. 
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Appendix I 
Factors to convert average actual yields to equivalent units as 
used in the computer simulation <kg dry matter per hectare). 
Crop 
Maize 
Rice 
Sorghum 
Millet 
Be an 
Cassava 
Cotton 
Tobacco 
* 
** 
*** 
Dry-matter 
Fraction 
Fraction 
<Seed, Fibre, 
Cana) 
Harvest-loss · 
fraction 
convers ion 
factor * 
0.87 1.0 0.07 0.94 
0.88 1.25 
** 
0.07 0.76 
0.88 1.0 0.07 0.95 
0.88 1.0 0.07 0.95· 
0.91 0.7 0. 1 1. 44 
0.35 1.00 0.1 0.39 
0.92 0.72 
*** 
0.05 1.35 
0.89 1.00 0.05 0.94 
Conversion factor = dry-matter fraction/Cfraction seed 
etc * Cl - harvest-loss fractionl) 
Computer 
which is 
65% of 
simulation calculates the amount.öf brown rice, 
80% of the normally used unit. 
this fraction of cotton bolls is seed and the 
other 35% is lint 
From Wolf et al. 1985. 
